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A b s t r a c t
In  o r d e r  to  s tu d y  o r g a n i c  c o o l a n t  m o d e r a to r s  ex p o se d  to  th e  m ixed 
r a d i a t i o n  and to  th e  d e s ig n  t e m p e r a t u r e s  an d  p r e s s u r e s  o f  p o s s i b l e  o p e r a t i n g  
pow er r e a c t o r s ,  an i n - p i l e  lo o p  i s  d e s ig n e d ,  b u i l t  and  lo a d e d  i n t o  t h e  WRS 
r e s e a r c h  r e a c t o r .
D e s ig n  p ro b le m s ,  th e  e x p e r i m e n t a l  s e t u p ,  o p e r a t i n g  c o n d i t i o n s  o f  t h e  
i n - p i l e  lo o p  a s  w e l l  a s  p a r t  o f  t h e  m easu rem en ts  p e r fo rm e d  d u r i n g  t h e  t e s t i n g  
o p e r a t i o n  a r e  d e s c r i b e d .

ORGANIC IN-PILE-LOOP EXPERIMENT
Gy. I .  M áthé, L. R é t v á r i ,  G . S é l l e y ,  T. S a s s ,  L .B o l ló k  
C e n t r a l  R e s e a rc h  I n s t i t u t e  f o r  P h y s i c s ,  B u d a p e s t
The e x p e r i m e n t a l  aim i s  to  s t u d y  th e  b e h a v i o u r  o f  o r g a n i c  c o o l a n t s  
u n d e r  o p e r a t i n g  c o n d i t i o n s  o f  pow er r e a c t o r s .  The p ro b le m s  to  be i n v e s t i ­
g a t e d  a r e  p a r t l y  th e  c h e m ic a l  c h a n g e s  in d u c e d  i n  v a r i o u s  c o o l a n t s  by i r r a ­
d i a t i o n  w i t h i n  th e  r e a c t o r ,  p a r t l y  th e  e f f e c t  o f  t h e s e  c h e m ic a l  t r a n s f o r m a ­
t i o n s  on c h a r a c t e r i s t i c  p r o p e r t i e s  c o n c e r n i n g  eng in eex - in g  an d  t e c h n o l o g y  o f  
m o d e r a to r s  and  c o o l a n t s  to  be u s e d  i n  o r g a n i c  pow er r e a c t o r s .
I n - p i l e - l o o p  e x p e r im e n ts  a r e  d e v i s e d  f o r  r a d i a t i o n  c h e m ic a l  an d  t h e r ­
m odynam ical m e a su re m e n ts ,  c o r r o s i o n  s t u d i e s ,  p o s s i b l y  f u e l  e l e m e n t  t e s t s ,  
p e r fo rm e d  i n  a r e s t r i c t e d  a r e a  u n d e r  s i m u l a t e d  o p e r a t i n g  c o n d i t i o n s  o f  th e  
p la n n e d  pow er r e a c t o r .
The t e s t  lo o p  i s  a c t u a l l y  an  i s o l a t e d  i n - p i l e  s e c t i o n  o f  a pow er r e ­
a c t o r  l o a d e d  i n t o  a n o t h e r  o p e r a t i n g  r e a c t o r  i n  w h ich  th e  c o o l a n t  m o d e r a to r  
s y s te m ,  h e a t  g e n e r a t i o n ,  c o o l i n g ,  i n  o t h e r  w ords t h e  p r i m a r y ,  a m b ie n t  c i r c u i t  
o f  a  f u e l  e le m e n t  i n  t h e  r e a c t o r  u n d e r  c o n s i d e r a t i o n  a r e  b e i n g  s i m u l a t e d .  I t  
i s  u s u a l l y  a c l o s e d  C o o la n t  c i r c u i t  w i t h  o r  w i t h o u t  an  u ra n iu m  f u e l  e l e m e n t ,  
s u i t a b l e  f o r  r e p r o d u c in g  and  m e a su r in g  t h e  com bined  e f f e c t  o f  th e  pow er  r e ­
a c t o r  d e s ig n  p a r a m e t e r s .
B e fo re  g o in g  i n t o  p ro b le m s  e n c o u n te r e d  i n  d e s i g n i n g  an o r g a n i c  l o o p ,  
i t  seems o f  i n t e r e s t  to  r e c a l l  some c h a r a c t e r i s t i c  p r o p e r t i e s  o f  o r g a n i c  
c o o l a n t s  su c h  a s
1 /  Lower s a t u r a t i o n  p r e s s u r e  t h a n  t h a t  
o f  s te a m  a t  th e  same t e m p e r a tu r e
e . g . a t  350°C 1 6 8 .8  a t a  f o r  s team  5 ,7 4  
a t a  f o r  d i p h e n y l .  Thu3 th e  l a t t e r  en-á> 
a b l e s  th e  u s e  o f  l e s s  h e a v y  s t r u c t u r a l  
m a t e r i a l ,  o f  p a r t i c u l a r  im p o r ta n c e  fbr 
p r e s s u r i z e d  v e s s e l s .
2 / N e g l i g i b l e  c o n o s i o n
The c o r r o s i o n  o b s e r v e d  on A l-  a l l o y s  and 
c a rb o n -s ie e l  was n o t  more than, t h a t  p ro d u c e d  
b y  w a te r  on s t a i n l e s s  s t e e l .  F o r  U -m e ta l s  
and  U - a l l o y s  t h e  c o r r o s i o n  c a u s e d  by  d ip h e ­
n y l  was f a r  l e s s  t h a n  c a u s e d  b y  w a t e r  u n d e r  
s i m i l a r  c o n d i t i o n s .
3/No a c t i v a t i o n  p r o c e s s
S in c e  th e  o r g a n i c s  i n  q u e s t i o n  do n o t  n e ­
c e s s a r i l y  c o n t a i n  o x ig é n é ,  t h e  l i q u i d  i t s e l f  
w i l l  n o t  be  a c t i v a t e d ,  u n l e s s  i t  c o n t a i n s  
i m p u r i t i e s .
4 /L e s s  w ear  o f  t u b e  w a l l s
C o n s i d e r a b l y  l e s s  w ear  was o b s e r v e d  on c a r ­
bon  s t e e l  and s t a i n l e s s  s t e e l  f o r  d i p h e n y l  
t h a n  f o r  w a t e r  f l o w .D ip h e n y l  shows i n  a d d i ­
t i o n  good l u b r i c a t i n g  p r o p e r t i e s .
Drawbacks
1 / R a d i o l y s i s  and  p y r o l y s i s  
when i r r a d i a t e d  a t  h i g h ­
e r  t e m p e r a t u r e s  i n  a  r e ­
a c t o r
E xposed  t o  f a s t  n e u t r o n s  an d  gamma r a d i a t i o n  
t h e  m o le c u le s  d i s s o c i a t e  due t o  I o n i z a t i o n  
and re c o m b in e  t o  compounds o f  h i g h e r  m o lecu ­
l a r  w e ig h t  / e . g . d i p h e n y l  r e c o m b in e s  t o  t e r -  
p h e n y l  r e l e a s i n g  g a s  i n  t h e  p r o c e s s / . A t  tem­
p e r a t u r e s  above 400°C t h e r e  i s  a  m arked  d i s ­
i n t e g r a t i o n  due t o  p y r o l y s i s .
2 /  Lower h e a t  t r a n s f e r  c o e f ­
f i c i e n t
Hue p r i m a r i l y  t o  th e  lo w e r  t h e r m a l  c o n d u c t i ­
v i t y  o f  d ip h e n y l  e . g . a t  260°C t h e  h e a t  t r a n s ­
f e r  c o e f f i c i e n t  f o r  d ip h e n y l  i s  o n l y  22% t h a t  
f o r  w a t e r .
3 /  H ig h e r  m e l t i n g  p o i n t
The m e l t i n g  p o i n t  o f  a  number o f  o r g a n i c  
c o o l a n t s  i s  above 0°C and  t h i s  may c a u s e  
d i f f i c u l t i e s  i n  t h e  s t a r t i n g  up  o f  a  r e a c t o r .
-  3  -
C o n s i d e r i n g  now t h e s e  d ra w b a c k s ,  th e  d i s i n t e g r a t i o n  a f f e c t i n g  pow er 
r e a c t o r  economy th r o u g h  i n c r e a s e d  make-up c o s t s ,  c o u ld  be overcom e a s  f o l l o w s :
1 /  Use o f  low c o s t  c o o l a n t s
2 /  Use o f  c o o l a n t s  l e s s  s u b j e c t  to  p o l y m e r i z a t i o n
/ A c t u a l l y ,  to  f i n d  su ch  c o o l a n t s  i s  th e  m ain  p u r p o s e  o f  p r e s e n t  e x ­
p e r i m e n t s  . /
3 /  A d d i t i o n  o f  i n h i b i t o r s
4 /  P u r i f i c a t i o n  o f  th e  h i g h  b o i l e r  c o n ta m in a te d  l i q u i d ,  p o s s i b l y  th e  
im m edia te  u s e  in  th e  p r im a r y  c i r c u i t  o f  an  e c o n o m ic a l  and  s im p le  r e g e n e r a t i n g  
t e c h n i q u e .
The lo w e r  h e a t  t r a n s f e r  c o e f f i c i e n t  may a l s o  be c o m p e n sa te d  f o r  by
1 /  i n c r e a s e d  f u e l  e le m e n t  s u r f a c e s  / f i n s /
2 /  s u r f a c e  b o i l i n g  h e a t  t r a n s f e r  by w h ich  th e  h e a t  f l u x  becomes more
in d e p e n d e n t  o f  c o o l a n t  v e l o c i t y ,  s i n c e  i n  t h i s  c a s e  th e  h e a t  t r a n s f e r  i s  p r o ­
p r o p o r t i o n a l  to  th e  t h i r d  pow er o f  th e  t e m p e r a t u r e  g r a d i e n t  b e tw een  f u e l  e l e ­
ment s u r f a c e  and l i q u i d .
The o r g a n i c  t e s t  lo o p  b u i l t  a t  o u r  e s t a b l i s h m e n t  d i f f e r s  i n  p r i n c i p l e  
o f  th e  u s u a l l y  a d o p te d  scheme se e n  i n  F i g . l . ,  s i n c e  i t  had  to  m eet  some s p e ­
c i a l  r e q u i r e m e n t s :
1 /  S h o r t  c i r c u l a t i o n  p a t h  f o r  m in im iz in g  th e  t im e  w h i l e  th e  c o o l a n t  i s  
n o t  b e in g  i r r a d i a t e d .  P o r  t h i s  r e a s o n  t h e  w hole  c i r c u l a t i o n  was k e p t  w i t h i n  
th e  r e a c t o r  s h e l l  and  t a k e s  p l a c e  i n  a P i e l d  tu b e  sy s te m  u s i n g  a b u i l t - i n  
c e n t r i f u g a l  pump a s  c i r c u l a t o r ,  w h i le  i t  i s  b e in g  c o o le d  by t h e ' w a t e r  from  
th e  c o o l i n g  sy s te m  o f  th e  r e a c t o r .  T h is  a r r a n g e m e n t  h e l p s  i n  a d d i t i o n  to  
a c h ie v e  th e  f o l l o w i n g  o b j e c t i v e s :
2 /  Low c o n su m p t io n  o f  e x p e r i m e n t a l  l i q u i d ,  s i n c e  th e  c o o l a n t  to  be 
t e s t e d  may be e x p e n s iv e  o r  n o t  r e a d i l y  a v a i l a b l e ,  t h e r e f o r e  a l s o  th e  s i z e s  
o f  a n c i l l a r i e s ,  c o n t a i n e r s ,  p i p i n g s  e t c .  a r e  r e s t r i c t e d  to  t h e  minimum. .
3 /  A dequa te  s a f e t y ,  b e c a u s e  no c o n ta m in a te d  l i q u i d  can  l e a v e  th e  r e ­
a c t o r  b u t  when sam pled  from  th e  p i p e s  m ounted f o r  t h i s  p u rp o s e  on th e  r e a c t o r  
c o v e r .
In  a d d i t i o n  we had to  p r o v i d e  f o r
4 /  P o s s i b l y  c o n t in u o u s  o p e r a t i o n  i n  c o o r d i n a t i o n  w i t h  t h a t  o f  th e  
r e a c t o r  w h ich  s e r v e s  s i m u l t a n e o u s l y  a s  a  r a d i a t i o n  s o u rc e  f o r  p h y s i c a l  e x p e ­
r i m e n t s  and  f o r  i s o t o p e  p r o d u c t i o n .  T h is  may n e c e s s i t a t e  d i s c h a r g e  f ro m  th e  
lo o p  d u r i n g  o p e r a t i o n  and  s e c u r i n g  th e  c o n t i n u a n c e  o f  r e a c t o r  o p e r a t i o n  f o r  
a  c e r t a i n  t im e ,  even  i n  th e  c a s e  o f  lo o p  f a i l u r e .
5 /  E a s i l y  rem o v ab le  lo o p  c h a n n e l  and  a c c e s s i b l e  co m p o n en ts  p e r m i t t i n g  
q u ic k  ex ch an g e  i f  n e e d e d ,  s i n c e  i t  may in v o lv e  r a d i a t i o n  h a z a r d s .
B lo ck  d ia g ra m s  o f  lo o p  and a n c i l l a r i e s  a r e  shown i n  P ig s  2 an d  3 , r e s ­
p e c t i v e l y .  A s c h e m a t i c a l  d ra w in g  o f  th e  c o n n e c t i o n s  and th e  g e n e r a l  o u t - l a y  
o f  th e  lo o p  and th e  lo o p  c h a n n e l  i n  t h e  r e a c t o r  h a l l  a r e  shown i n  P i g . 4 .
4In  p r i n c i p l e  t h e  lo o p  i s  an  "U" s h a p e d  tu b e  / 1 /  w i t h  th e  l i q u i d  f e e d e r  
t a n k  / 2 /  a t  o n e ,  and  th e  e x p a n s io n  t a n k  / 3 /  a t  th e  o t h e r  en d .  A c t u a l l y ,  th e  
two sh an k s  a r e  combined i n t o  an  o u t e r  and  i n n e r  tu b e  g i v i n g  t h u s  a s o - c a l l e d  
F i e l d  tu p e  sy s tem  in  w hich  th e  l i q u i d  f lo w s  downwards i n  t h e  i n n e r ,  and up­
w ards i n  th e  o u t e r  s e c t i o n .  The two t u b e s  com m unicate  a t  th e  u p p e r  an d  low­
e r  e n d s .  The c e n t r i f u g a l  pump i s  m ounted  on th e  i n n e r  t u b e .  The c l o s e d  c i r ­
c u i t  i s  c o n n e c te d  by th e  e x p a n s io n  / 5/  and  f e e d - d i s c h a r g e  / 6 /  p i p e s  to  th e  
e x p a n s io n  t a n k  and  th e  d i s c h a r g e  t a n k ,  r e s p e c t i v e l y .  The l a t t e r  p e r m i t s  th e  
sy s tem  to  be r e f i l l e d  o r  d i s c h a r g e d  even  d u r i n g  o p e r a t i o n .
A b y p a s s  o f  th e  main c i r c u i t  i s  p r o v i d e d  f o r  d e g a s s i n g  by means o f  
th e  d e g a s i f i e r  / 8 /  m ounted im m e d ia te ly  u n d e r  th e  r e a c t o r  c o v e r .  B o th  th e  
l i q u i d  and th e  g as  g e n e r a t e d  in  th e  p r o c e s s  a r e  sam pled  from  th e  d e g a s i f i e r  
th r o u g h  p i p e s  / 9/  and  / 1 0 / ,  r e s p e c t i v e l y .
Feed and  d i s c h a r g e  g a s  p r e s s u r e s  a r e  c o n t r o l l e d  fro m  a n i t r o g e n  g a s  
c o n t a i n e r  / 1 9 / .
The F i e l d  tu b e  i s  c o n t a i n e d  in  an  A1 i n s u l a t i n g  can  / 1 1 /  and  s u r r o u n d ­
ed w i t h i n  th e  can  by an  i n s u l a t i n g  b l a n k e t  e i t h e r  o f  n i t r o g e n  / 1 2 /  o r  o f  h e ­
l iu m  / 13/  d e p e n d in g  on th e  m easu re  o f  h e a t  t r a n s f e r  r e q u i r e d  from  lo o p  c h a n ­
n e l  t o  th e  c o o l i n g  w a t e r  o f  th e  r e a c t o r .
The b u i l t - i n  c e n t r i f u g a l  pump / 4 /  c i r c u l a t i n g  t h e  e x p e r i m e n t a l  l i q u i d  
i s  d r i v e n  by a i r  m o to r  / 1 4 / .  The c o m p re s se d  a i r  d u c t  / 1 5 /  and  th e  w a t e r  c o o l ­
in g  sy s te m  / 1 6 /  o f  th e  pump a r e  a l s o  shown i n  th e  f i g u r e .  B o th  th e  e x p a n s io n  
and  th e  f e e d  t a n k  a r e  provided . w i t h  v a p o u r  c o n d e n s e r s  / 1 7 , 1 8 / .  The s y s te m  i s  
k e p t  u n d e r  p r e s s u r e  from  th e  g a s  c o n t a i n e r  / 1 9 / .  The e x h a u s t  t a n k  / 2 0 /  i s  
c o n n e c te d  to  th e  d e g a s i f i e r  a s  w e l l  a s  to  th e  v e n t i n g  and s a f e t y  v a l v e s  o f  
th e  lo o p  and  v e n t s  i n t o  th e  r e a c t o r  s t a c k  / 2 1 / .  The c o o l i n g  w a t e r  i s  d e l i v e r ­
ed to  th e  c o n d e n s e r s  and  e x h a u s t  t a n k  th r o u g h  l e a d s  f ro m  th e  c o o l i n g  w a t e r  
pump / 2 2 / .  The i n s u l a t i n g  g a s  i s  d i s c h a r g e d  from  t h e  a lu m in iu m  can  / 1 1 /  
th ro u g h  g a s  d u c t  / 2 4 /  i n t o  th e  e x h a u s t  t a n k .
The n a t u r a l  c o n v e c t i o n  w i t h i n  th e  i n n e r  F i e l d  - t u b e  i s  s u s t a i n e d  by 
means o f  g a s  b l a n k e t  / 2 5 / .  I 21 a d d i t i o n  to  t h i s  s a f e t y  m e a s u re ,  t h e r e  i s  an  
e x t e r n a l  pump a v a i l a b l e  on th e  r e a c t o r  c o v e r  / 2 6 /  to  keep  th e  l i q u i d  c i r c u ­
l a t i n g  i n  c a s e  o f  em ergency .
In  a d d i t i o n  to  a b o v e ,  t h e r e  a r e  f o l l o w i n g  d e v i c e s  to  be s e e n  i n  F i g .  
4 . :  P r e s s u r e  m a n i f o ld s  o f  co m p re sse d  a i r  / 2 7 /  f o r  th e  a i r  m o to r  and  f o r  s y s ­
tem p r e s s u r e  / 2 8 /  and f o r  th e  i n s u l a t i n g  g a s  / 2 9 /  w i t h i n  th e  A l - c a n ,  c e n t r i ­
f u g a l  pump and  vacuum pump d r a i n s  / 3 0 , 3 1 /  and a r e c e p t a c l e  e q u ip p e d  w i th  a 
l e v e l  gauge / 3 2 /  f o r  th e  l i q u i d  l e a k i n g  from  th e  c e n t r i f u g a l  pump.
The work o f  th e  b u i l t - i n  pump i s  t a k e n  o v e r  by th e  e x t e r n a l  pump 
upon c l o s i n g  th e  u p p e r  v e n t  o f  th e  i n n e r  F i e l d  tu b e  by u s i n g  f l a p  / 3 5 / . T h is  
e n a b l e s  th e  e x t e r n a l  pump to  f o r c e  th e  l i q u i d  th r o u g h  th e  d e l i v e r y  p r e s s u r e  
tu b e  u n d e r  th e  f l a p  i n t o  th e  i n n e r  F i e l d  tu b e  and on i t s  way th r o u g h  th e  
o u t e r  tu b e  and  e x p a n s io n  p ip e  / 5/  i n t o  th e  d e g a s i f i e r  / 8 /  from  w here  i t  
r e t u r n s  th ro u g h  p ip e  / 3 6 /  to  th e  sump o f  th e  e x t e r n a l  pump. Thus, th e em er-
-  5  -
g en cy  c i r c u i t  i s  c l o s e d .  The i d e a l  s o l u t i o n ,  o f  c o u r s e  would  be an  a u t o m a t i c  
s w i t c h - o v e r  to  th e  em ergency  c i r c u i t .  T h is  would  n e c e s s i t a t e  th e  a u t o m a t i c  
c l o s i n g  o f  th e  f l a p  w i t h  a s i m u l t a n e o u s  l o c k i n g  o f  th e  c e n t r i f u g a l  pump 
s h a f t  t o  p r e v e n t  i t  from  a c t i n g  l i k e  a t u r b i n e .  S in c e  su c h  a d e v ic e  would  
o v e r c o m p l i c a t e  th e  d e s i g n  o f  th e  b u i l t - i n  pump, and  make i t  to o  b u l k y ,  i t  
was d e c id e d  f o r  th e  t im e  b e in g  to  u s e  m anual o p e r a t i o n  and  t o  p o s s i b l y  a v o id  
th e  need  o f  e x t e r n a l  c i r c u l a t i o n .
C o n t r o i l i n g ,  m e a s u r in g  and m o n i t o r i n g  sy s te m
The b lo c k  d ia g ra m  o f  th e  lo o p  c o n t r o l  sy s te m  i s  shown i n  F i g . 5 . /T he  
g e n e r a l  o u t l a y  i s  to  be s e e n  i n  F i g . 6 . /
1 /  Therm om eters
The t e m p e r a t u r e s  a t  v a r i o u s  p o i n t s  o f  th e  lo o p  a r e  m e a su re d  by th e rm o ­
c o u p le s  o r  r e s i s t a n c e  th e rm o m e te r s  c o u p le d  to  t e m p e r a t u r e  r e c o r d e r s .
a /  Therm ocouple  d e t e c t o r s  a r e  u s e d  w i th  two l i n e -  and  one p o i n t  r e c o r d ­
e r ,  a l l  EP-09 t y p e .  The th e rm o c o u p le s  a r e  p o s i t i o n e d  to  d u p l i c a t e  t h e  m e a s u r ­
ement a t  t h r e e  main p o i n t s ,  nam ely  l i q u i d  t e m p e r a t u r e s  a t  th e  i n l e t ,  o u t l e t  
and below th e  h e a t e r  / Т 1 , T2 , T 3 , T 4 , T 5 , Т 6 /  .
b /  R e s i s t a n c e  d e t e c t o r s  a r e  u s e d  w i t h  two MSzRl ty p e  r e c o r d e r s .  One 
f o r  m e a s u r in g  th e  sy s te m  t e m p e r a t u r e ,  th e  o t h e r  f o r  th e  e x p a n s io n  t e m p e r a t u ­
r e  /R ± , R2 / .
2 /  T em p e ra tu re  c o n t r o l
Two ways a r e  a v a i l a b l e  f o r  s e t t i n g  th e  t e m p e r a t u r e  a t  a  g i v e n  v a l u e .
The f i r s t  i s  to  f o r c e  an  a p p r o p r i a t e  m i x tu r e  o f  h e l iu m  and  n i t r o g e n  g a s  i n t o  
th e  i n s u l a t i n g  b l a n k e t  o f  th e  pump / t h e  c o n d u c t i v i t y  o f  th e  i n s u l a t o r  i s  
known to  depend  on th e  h e l iu m  to  n i t r o g e n  r a t i o / .  The s e c o n d  i s  to  v a r y  t h e  
sp eed  o f  th e  a i r  m o to r  o f  t h e  b u i l t - i n  pump. The u s e  o f  t h e  l a t t e r  m ethod  i s  
i l l u s t r a t e d  in  F i g .T 5 .  The e l e c t r o - p n e u m a t i c ,  P l - t y p e  c o n t r o l  s y s te m  c o n s i s t s  
o f  a th e rm o c o u p le ,  a p n e u m a t ic  membrane v a l v e  and th e  v a r i a b l e  s p e e d  a i r  mo­
t o r .
3 /  M o n i to r in g  sy s tem
The s i g n a l s  o f  s a f e t y  and f a i l u r e  m o n i t o r s  a r e  t r a n s m i t t e d  to  a r e c e i v ­
e r  u n i t  on th e  r e a c t o r  c o n t r o l  p a n e l ,  
a /  O v ersp eed
A t r i p p i n g  c i r c u i t  p r e v e n t s  an  o v e r s p e e d  o f  th e  a i r  m o to r  t h a t  i s  l i ­
k e l y  to  e n d a n g e r  th e  s a f e t y  o f  th e  o p e r a t i o n  o f  lo o p  o r  r e a c t o r  b e c a u s e  o f  
e x c e s s i v e  m e c h a n ic a l  v i b r a t i o n ,  
b /  O v e rh e a t  in g  /Т ,- ,  Т2/
The t e m p e r a t u r e  i s  m o n i to r e d  by th e  EPP ty p e  1 , 2  and  t h e  MSZR1 / R - ^ R ^  
ty p e  1 , 4  r e c o r d e r s ,  each  o f  them g i v i n g  o f f  l i g h t  s i g n a l  p l u s  a u d i b l e  w a r n in g  
a t  a  g i v e n  t e m p e r a t u r e  and  t r i p p i n g  th e  h e a t e r  i f  th e  t e m p e r a t u r e  c o n t i n u e s  
to  r i s e .
с /  L iq u id  l e v e l
The l i q u i d  l e v e l  in  t h e  d e g a s i f i e r  i s  m o n i to r e d  by m eans o f  an  i n d u e -
6t i v e  t r a n s m i t t e r  c o n n e c te d  to  a r e c e i v e r  e q u ip p e d  w i t h  a p h a se  d i s c r i m i n a t i n g  
t r i o d e .
d /  A i r  m o to r  l e a k a g e  i n d i c a t o r
B uoyant c o n t a c t  t r a n s m i t t e r  c o n n e c t e d  to  a r e l a y  r e c e i v e r  g i v i n g  o f f  
l i g h t  and a u d i b l e  w a rn in g  s i g n a l s .
The p o s i t i o n s  o f  th e  v a r i o u s  s a f e t y  m o n i t o r s  a r e  shown i n  P i g . 5-
e /  D e c re a s e  i n  sy s te m  o r  i n s u l a t i n g  g a s  p r e s s u r e  a s  w e l l  a s  v a r i a t i o n  
in  i n n e r  g a s  b l a n k e t  p r e s s u r e  a r e  m o n i to r e d  by l i g h t  and a u d i b l e  w a rn in g  s i g ­
n a l s  .
The p o s i t i o n s  o f  th e  v a r i o u s  s a f e t y  m o n i t o r s  a r e  shown i n  P i g . 5 .
P r e l i m i n a r y  o p e r a t i o n  t e s t s  and m easu rem en ts
The o r i g i n a l l y  p la n n e d  h e a t i n g  o f  th e  lo o p  by an EK-10 ty p e  u ra n iu m  
r o d ,  s i m u l a t e d  i n  o f f - p i l e  t e s t s  by an e l e c t r i c a l l y  h e a t e d  mock-up f u e l  e l e ­
m en t,  was e v e n t u a l l y  r e p l a c e d  i n  th e  i n - p i l e  v e r s i o n  by a 4kW e l e c t r i c a l  r e ­
s i s t a n c e  h e a t e r  m ounted  on th e  u p p e r  end o f  th e  o u t e r  P i e l d  t u b e .  A d d i t i o n a l  
h e a t i n g  i s  due to  th e  mixed r a d i a t i o n  from  th e  r e a c t o r  c o r e .  T h is  p e r m i t t e d  
some f u r t h e r  m o d i f i c a t i o n s  o f  th e  o r i g i n a l  d e s i g n  e . g .  o m is s io n  o f  th e  i n s u ­
l a t i n g  g a s  d u c t  o f  th e  i n n e r  tu b e  i n  th e  i n - c o r e  s e c t i o n  s i n c e  w i t h o u t  u r a n i ­
u m - h e a t in g  i t  was n o t  n e c e s s a r y  to  s u s t a i n  n a t u r a l  c o n v e c t i o n ,  w h i l e  th e  
amount o f  l i q u i d  c i r c u l a t i n g  w i t h i n  t h e  c o r e  c o u ld  be i n c r e a s e d .
I n  o r d e r  t o  o b t a i n  t r u e  i n f o r m a t i o n  from  lo o p  e x p e r im e n t s  th e  p a ra m e ­
t e r s  to  be m easu red  m ust be c l o s e  to  th o s e  p r e v a i l i n g  i n  o p e r a t i n g  p o w er  r e ­
a c t o r s  . f u r t h e r m o r e  th e  o p e r a t i o n  b o th  o f  lo o p  and  r e a c t o r  h a s  to  c o n t i n u e  
even  a t  e x trem e  v a l u e s  o f  t h e s e  p a r a m e t e r s .
The i n - p i l e  r i g  was p o s i t i o n e d  a t  ghe 9 /8  c o r e  p o s i t i o n  o f  t h e  r e a c ­
t o r  and th e  f  - d o s e  r a t e  a s  w e l l  a s  t h e , f a s t  and t h e r m a l  n e u t r o n  f l u x e s  
a t  t h i s  p o s i t i o n  were m e a su re d .
O f f - p i l e  t e s t s
U sing  a mock-up f u e l  e l e m e n t ,  th e  e f f e c t  o f  n a t u r a l  c o n v e c t i o n  on f u e l  
e le m e n t  s u r f a c e  t e m p e r a tu r e  upon t r i p p i n g  o f  th e  f o r c e d  c i r c u l a t i o n  was i n ­
v e s t i g a t e d  .
I t  i s  a p p a r e n t  from  P i g . 7 . t h a t  th e  c e a s i n g  o f  f o r c e d  c i r c u l a t i o n  r e ­
s u l t s  i n  a sudden  r i s e  o f  t e m p e r a tu r e  / a s  m e a su re d  a t  th e  mock-up e le m e n t  
s u r f a c e , e . g .  a t e m p e r a tu r e  r i s e  from  82°-C  t o  157°C i n  a b o u t  a m in u te  was o b ­
s e r v e d  f o r  600 W h e a t  o u t p u t  upon  i n t e r r u p t i n g  t h e  f o r c e d  c i r c u l a t i o n  r a t e  
3 , 6  m/sec/, i n  a s h o r t  w h i le  th e  c o o l i n g  e f f e c t  o f  n a t u r a l  c o n v e c t i o n  makes 
i t s e l f  f e l t ,  th e  peak  t e m p e r a tu r e  r a p i d l y  d ro p s  by 1 8 -1 9 °  w i t h i n  1 , 3  m in u te s  
and c o n t i n u e s  to  d e c r e a s e  f o r  a b o u t  5 m in u te s  t h e n  i t  s t a r t s  a g a i n  to  r i s e  
g r a d u a l l y  a lm o s t  up to  th e  peak  v a l u e .  R e s t a r t i n g  o f  th e  f o r c e d  c i r c u l a t i o n  
r e s u l t s  i n  a s t e e p  d e c r e a s e  in  th e  t e m p e r a t u r e  c u r v e .  The d ia g ra m  shows t h e  
r a t h e r  p o o r  c o o l i n g  e f f e c t  o f  n a t u r a l  c i r c i i l a t i o n .  The t e m p e r a t u r e  d e c r e a s e  
on h e a t e r  s u r f a c e  i s  o n ly  a b o u t  4°C in  th e  p r e s e n t  c a s e .  C o n s e q u e n t ly  n a t u r a l
-  7  -
C o n v e c t io n  w ould  n o t  be s u f f i c i e n t  to  e n s u r e  s a f e  o p e r a t i o n  a t  t h e  r a t e d  
370-380°C  f u e l  e le m e n t  s u r f a c e  t e m p e r a t u r e s .  The maximum c o o l i n g  r a t e  o b s e r v ­
ed a t  th e  o n s e t  o f  n a t u r a l  c i r c u l a t i o n ,  h o w ev e r ,  i s  u s e f u l  f o r  d e c r e a s i n g  th e  
p e a k  t e m p e r a tu r e  i n  1 -2  m in u te s .
The e f f e c t  o f  th e  v a r i a t i o n  in  pum ping sp e e d  / f l o w  r a t e /  on l i q u i d  
b u lk  t e m p e r a tu r e  was a l s o  i n v e s t i g a t e d .  I t  was fo u n d  t h a t  a n  i n c r e a s e  from  
1000 t o  7000 rpm d id  n o t  re d u c e  th e  b u l k  t e m p e r a t u r e  by  more t h a n  1 2 - 1 5 ° C . Of 
c o u r s e ,  a  d e c r e a s e  in  h e a t  o u t p u t  i s  much more e f f e c t i v e  f o r  r e d u c i n g  l i q u i d  
b u lk  t e m p e r a t u r e ,  b u t  we w ere  i n t e r e s t e d  above  a l l  i n  th e  e f f e c t s  o f  n a t u r a l  
c o n v e c t io n  and o f  sp eed  v a r i a t i o n  i n  th e  c a s e  o f  2 MW r e a c t o r  p o w er .
In  th e  o u t - o f - p i l e  e x p e r im e n t s  t h e  h e a t  o u t p u t  o f  t h e  mock-up f u e l  
e le m e n t  c o u ld  n o t  be i n c r e a s e d  above  1 ,8  kW f o r  i n s u l a t i o n  sa k e  and a l s o  b e ­
c a u se  o f  d im e n s io n s  so t h a t  t e s t  r u n s  w ere  p e r fo rm e d  a t  600 W.
I n v e s t i g a t i n g  th e  i n s u l a t i n g  e f f e c t  o f  th e  two k i n d s  o f  i n s u l a t i n g  g a s ,  
th e  A l - s h e l l  was f i l l e d  once w i t h  h e l iu m  known to  be o f  b e t t e r  c o n d u c t i v i t y ,  
t h e n  w i t h  th e  l e s s  c o n d u c t iv e  n i t r o g e n .  I t  was fo u n d  t h a t  a t  600 W h e a t  o u t ­
p u t ,  2500 rpm pump sp e e d  and  18°C c o o l i n g  w a t e r  t e m p e r a t u r e  / i n  o f f - p i l e  t e s t s  
th e  r i g  was p l a c e d  i n t o  a c o o l i n g  w a t e r  t a n k /  th e  ch an g e  i n  l i q u i d  b u lk  tem ­
p e r a t u r e  due to  th e  d i f f e r e n c e  in  i n s u l a t i n g  g a s  was n o t  more t h a n  6 ° C .
The t e m p e r a tu r e  c u r v e s  shown i n  F i g . 8 , 9 , 1 0  h av e  b e e n  m e a su re d  u n d e r  
v a r i o u s  c o n d i t i o n s  o f  i n - p i l e  r u n s ,  a s  se e n  from  th e  le g en d s .  These t e m p e r a t u ­
r e  v a l u e s  a r e  due to  th e  mixed r a d i a t i o n  o f  th e  c o r e  o n l y ,  in c e  t h e  e l e c t r i ­
c a l  h e a t i n g  was n o t  t u r n e d  o n .  F u r t h e r  e x p e r im e n t s  a r e  s t i l l  u n d e r  way.
Thanks a r e  due t o  a num ber o f  c o l l e a g u e s  an d  t e c h n i c i a n s  f o r  u s e f u l  
c o o p e r a t i o n  and a s s i s t a n c e  i n  c a r r y i n g  o u t  th e  work r e p o r t e d  h e r e .
D a t a
N e u tro n  f l u x  / w i t h o u t  s c r e e n i n g /  
i n  th e  9 /8  i n - p i l e  s e c t i o n
/ v a l u e s  m easu red  a t  t h e  I n s t i t u t e /  -j* 2
maximum th e r m a l  n e u t r o n  f l u x  2 ,3 7  . 10 ^n/cnn^sec
maximum f a s t  n e u t r o n  f l u x  5 • lO ^ n /cm . s ec
Maximum f a s t  n e u t r o n  dose  r a t e  
c a l c u l a t e d  f o r  e x p e r i m e n t a l  l i q u i d 50 M r a d / h o u r
Maximum gamma d o se  r a t e  
c a l c u l a t e d  f o r  e x p e r i m e n t a l  l i q u i d
Dose r a t e  i n t e g r a t e d  o v e r  c o r e  h e i g h t :  
I n t e g r a t e d  f a s t  n e u t r o n  dose  r a t e  
I n t e g r a t e d  gamma dose  r a t e
191 M r a d / h o u r
2 ,2  .1 0 2^ Rq .eV / h o u r  
1 , 1 8 . 1 0 * °  q .eV / h o u r
L iq u id  c i r c u l a t e d  i n  th e  i n - p i l e  lo o p  
L iq u id  i n  th e  i n - c o r e  s e c t i o n  
L iq u id  sam ple  p e r  s a m p l in g  p r o c e s s  
I n a c t i v e ,  l i q u i d  d i s c h a r g e d  w i th  sam ple
8 ,5  l i t r e  
949 cm5 
50-100  cm5 
200 cm3
Gas sam ple volume 50 cm
Normal sp e e d  o f  c i r c u l a t i n g  b u i l t - i n  pump 3000 rpm
D e l i v e r y  r a t e  a t  n o rm a l  /3 0 0 0  rpm / pump sp e e d  0 , 6 4  l i t / s e c
Plow r a t e  i n  i n - c o r e  s e c t i o n  a t  3000 rpm 2 ,0 4  m /sec
D e l i v e r y  h e i g h t  o f  pump a t  3000 rpm 190 mmHg
A i r  m o to r  sp e e d  v a r i a b l e  i n  t h e  ra n g e  1000-10000  rpm
L iq u id  b u lk  t e m p e r a tu r e  due e x c l u s i v e l y  to  Q
gamma h e a t i n g  a t  2 MW r e a c t o r  pow er C
L iq u id  b u lk  t e m p e r a tu r e  i n  i n - p i l e  s e c t i o n
o n ly  f o r  e l e c t r i c a l  h e a t i n g  a t  3 ,3  kW h e a t  a b o u t  155°C
o u tp u t
R a ted  sy s te m  p r e s s u r e  32 atm
R a ted  sy s tem  t e m p e r a tu r e  450°C
C o n s t r u c t i o n  m a t e r i a l  s t a i n l e s s  s t e e l
5
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✓block diagram of loop control.
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